Objective: Adolescents are an interesting but neglected target group in obesity prevention. We assessed the feasibility of using a diet optimization approach for computer-tailored nutrition interventions for adolescents. Method: Development of an optimization model based on the public health approach to diet optimization. On the basis of food frequency questionnaires (FFQ) of 48 adolescents (14-17 years) optimized diets were calculated. Results: The optimization calculations for all cases resulted in individual advice. On a total of 137 items included in the FFQ, the individualized advice included changes in a minimum of 36 and a maximum of 88 items (mean: 61 items), recommendations for changes in the food items ranged from less than 1 g day À1 up to 1660 g day À1 .
Introduction
Adolescence is a period when the physiological need for the consumption of a diet with good nutritional quality is particularly important. 1 During this period, adolescents gain 15-20% of adult height and 50% of adult weight while they accumulate up to 45% of their skeletal mass. 2 With regard to overweight and obesity prevention, targeting this population with messages concerning their eating habits is important. The school is a setting in which almost every adolescent can be reached; however, until now school interventions aiming to improve eating habits have not shown important changes in the dietary behaviour of adolescents, positive results were found only for subpopulations and for specific food items. [3] [4] [5] Computer tailoring, a theory-driven health education strategy, has become more popular in the past decade and quite strong, short-and medium-term, positive results in adult populations were reported, especially for fat intake. 6 Computer tailoring can be defined as the adaptation of health education to a specific person through a computerized process. 7 If used several times it can be regarded as a method for self-monitoring, a successful strategy to control or prevent weight gain. 8 Until now only three computer-have been evaluated. [9] [10] [11] In the first study, 9 the effectiveness of a tailored intervention to reduce fat intake was investigated in families with two adolescents. After 4 weeks, there was a reduction in the percentage of energy from fat, but only in those adolescents with high baseline fat intake. In a second study, fat intake and physical activity were targeted through a tailored intervention offered during eight 45-min lessons in low-income, culturally diverse students. The intervention was effective for reducing the percentage of energy from fat. 10 In the third intervention, 11 all students in the classroom went through a single computer-tailoring intervention on fat intake on individual computers. The intervention showed a decrease in fat intake in two subsamples, namely girls in technical-vocational education and in boys and girls following general education who had read the whole advice provided. Until now all computer-tailored interventions on nutrition are targeting one or just some aspects of the eating habits, for example, fat intake, fruit and vegetable consumption, soft drinks, and so on. 6, 12 However, in the context of obesity prevention, research and interventions focusing on multiple dietary behaviours simultaneously are frequently advocated. 13, 14 On the basis of promising results of previous studies with computer-tailored interventions in adults and in adolescents on specific aspects of their eating habits, the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) Study Group aimed at developing a computer-tailoring intervention for enhancing the total diet of adolescents. The HELENA study is described in detail by Moreno et al.
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The aim of this study is to describe the concept and development of the HELENA intervention and to discuss the use of a diet optimization approach for computer-tailored interventions on nutrition for adolescents.
Materials and methods

Development of the tailoring instrument
The development of the HELENA tailoring intervention was based on the procedure of developing computer-based interventions described by Brug et al. 16 For the HELENA intervention the following components are (1) a validated food frequency questionnaire for measuring the dietary intake of adolescents; (2) a corresponding food composition database; (3) an optimization model adapted from the public health approach for diet optimization, described by Gedrich et al.
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The intervention starts with an introductory page giving information on the aim of the intervention, some demographic questions including sex, height and weight, and screening questions for eating disorders. Adolescents identified as at risk for eating disorders could not continue to fill in the questionnaires and get standard advice on healthy eating.
To measure the energy intake and target nutrients (fat, fiber and calcium) of the adolescents a food frequency questionnaire (FFQ) was chosen. An FFQ was developed based on the validated computerized FFQ for fat intake developed in Belgium. 18 This FFQ was extended and adapted to measure the intake of the target nutrients: energy, fat, fiber and calcium. In total, 137 items (food groups, for example, fresh fruit; and individual food items, for example, white bread) were identified as contributing substantially to the overall intake of these components. A validation and reliability study was conducted in 48 Flemish adolescents (results will be published elsewhere 22 but usually does not completely meet the objective nutritional requirements (that is, the standards for a healthy diet). Nutrition optimization, therefore, aims at determining a diet that totally meets the standards for a healthy diet, whereas deviating from the actual diet as little as possible (for reasons of acceptability). This deviation is considered as the sum of squared differences between the actual and the optimized amounts of food (to be) consumed for a given period of time. By means of quadratic programming this sum is minimized subject to a set of constraints given by the standards for a healthy diet.
A diet was defined to be healthy, when all the related nutrient intake recommendations are met. For the computer-tailoring intervention, the following recommendations were chosen to be used: Eurodiet, 23 D-A-CH Reference Values for nutrient intake, 24 and World Health Organization recommendations. 25 Most of the recommendations related to the intake of vitamins, minerals or trace elements include certain allowances to ensure that a corresponding intake meets the need of almost any healthy person. 24 In such cases, recommendations were multiplied by 0.8 to obtain an estimate of the average nutrient intake requirement (assuming that the coefficients of variation of the nutrient requirements range from 0.1 to 0.15).
The optimized diets were calculated by means of quadratic programming and solutions were obtained using the Software LINGO Hyper (Release 10.0, LINDO Systems Inc., Chicago, IL, USA).
Design and subjects
Masters' students in Social Medical Sciences of the Ghent University (n ¼ 11) were asked to approach five adolescents each between 13 and 17 years to participate in a set of validation studies related to food and physical activity. The questionnaires were completed at the pupils' or the students' home. Pupils who completed one or more questionnaires inaccurately (n ¼ 7) were removed from further analyses, such that dietary information of 48 students is available; 54% of the final samples were boys.
Results
The FFQ reported an average energy intake of 2679 ± 718 kcal day À1 .
The optimization calculations resulted for all cases in individual advice, for example, changes in a minimum of 36 and in a maximum of 88 items (mean: 61 items/respondent); recommendations for changes ranged from less than 1 g day À1 for individual food items up to 1660 g day À1 . When minor changes (that is, less than 5 g day À1 ) are disregarded, a minimum of 16 and a maximum of 46 recommended changes were identified (mean: 31 items/respondent). Table 1 gives an overview of the results obtained from the optimization calculations for the food items for which a change in consumption (recommended increase or decrease) was calculated for at least 75% of the respondents. For each item, descriptive statistics on recommended increases of intake are presented in the left part of the table, whereas corresponding information on recommended decreases can be found on the right.
In almost all cases a higher intake of fresh fruit, prepared vegetables without sauce and raw vegetables, was recommended by the programme. In 46 of the 48 cases (96%) a higher intake of fresh fruit was computed as recommendable varying between 1 and 1474 g day À1 with a median of ), an increase in soft drink consumption in 25 (52%) participants (up to 936 ml day
À1
) and an increase in French fries in 14 (29%) cases (up to 21 g day
).
Discussion
The use of the public health optimization approach opens new perspectives for tailoring interventions as it provides the basis for nutritional advice regarding the complexity of the dietary needs of a person and taking into account their personal food preferences. In aiming at meeting the recommendations, this approach differs from the fuzzy logic approach for diet optimization in which the recommendations are met 'as well as possible'. 17 No other interventions for adolescents or adults are known using the public health diet optimization approach. Using the diet optimization approach avoids the necessity of developing and implementing several separate, possibly competing interventions on different aspects of healthy eating. As the development of tailoring interventions is labour intensive and expensive and as the adolescent population is difficult to motivate to change their eating behaviours for health purposes, generating one intervention tool tailored to their specific deviations from the recommendations might be an advantage. As importantly, an optimization approach has the advantage regarding the multitude of nutritional needs simultaneously, such that it avoids the risk of introducing new problems when solving others (for example, by advising a greater intake of milk products to meet the calcium recommendations, the intake of saturated fat can be increased). This risk exists when the intervention is only dealing with one or a few aspects of the diet (for example, fruit and vegetables, fat intake). However, the feasibility study of using the optimization approach revealed several problems.
Nutrient intake-based advice
The current diet optimization process is an exclusively nutrient-based nutrition optimization approach. Such an approach hasFalmost by definitionFthree potential weaknesses: (1) the assessment of usual food intake, (2) the determination of food composition and (3) the definition of recommendable nutrient intakes. The three aspects will be discussed below.
For assessing the participants' usual food intake the FFQ has been used. FFQs are designed to assess usual eating habits over a certain period of time. In the present study the recall period was the previous month and the nutrients of interest were energy, fat, fiber and calcium. The main advantages of FFQs are their ease and uniformity of administration, low cost and their use with samples, which are geographically widespread (for example, different European countries). A disadvantage is the limited number of nutrients that can be assessed with adequate precision. Therefore, one may question the validity of the questionnaire related to those nutrients that are originally not included in the questionnaire (for example, vitamin D) taking into consideration that the nutrition optimization process considered a much wider range of food constituents. But there are no alternatives available.
The validity of any indirect approach to assessing nutrient intake (through the assessment of food intake) relies on the choice of a corresponding food composition database. In the present study, national food composition databases were used (Germany, the Netherlands and Belgium); therefore, comparisons with other European countries could introduce errors. 26 In the current diet optimization tool the food composition database primarily used was the official German food composition database, known as BLS. Such an approach, however, might introduce country-specific errors, when dietary advice is provided in different countries. The pizza, for instance, listed in Table 1 , was assumed to be a vegetarian pizza margarita, which would be a relatively good source of folate associated with relatively low amounts of unfavourable constituents. If the usual choice of pizza in an area (or a country) was not in agreement with that assumption, then the computed dietary recommendations for the participants of the feasibility study would not be valid. Therefore, it seemed advisable to follow the general rule that the use of local food composition tables is to be favoured, if accurate nutrient information is available.
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The diet optimization approach used here is based on a number of constraints exclusively based on nutrient intake recommendations. The purpose of these nutrient recommendations is to maintain and to promote health and quality of life (DACH). 25 The World Health Organization and the Food and Agriculture Organization mentioned that the aim of reference values is to ensure the vital metabolic, physical and psychological functions in nearly all healthy individuals of the population. 28 Historically, the main objective of these recommendations was to prevent deficiency disorders and not to maintain good health, preventing obesity or major chronic diseases. However, science is not yet able to prove whether a single nutrient or a combination of nutrients and non-nutrients are the sources of benefit for health; therefore, food-based dietary guidelines are introduced as reference values. 29 On the basis of a strictly nutrient-related model, the optimization approach used in this feasibility study did not take these recent developments into account. Nevertheless, the optimized diets of the study participants are in accordance with certain frequently stated food-based recommendations, such as a high intake of fruit and vegetables. For instance, the optimized intake of fruit and vegetables averaged to 280 g day À1 (with a median¼ 165 g day
À1
) and 264 g day
, respectively (median ¼ 237 g day À1 ) with a total of 544 g day À1 (median ¼
g day À1
). Furthermore, food-based intake recommendations with satisfying evidence could easily be included into the optimization approach by enhancing the model with corresponding constraints.
Complexity of output and nutrition communication
On account of the distinct interpretation of the nutrient intake recommendations, the optimization calculations usually suggest changes in intake for almost all food items consumed, even though the changes are often quite small (a few grams). Such an output cannot immediately be used for the purposes of nutrition communication, as it includes too much information and does not distinguish between important and irrelevant messages. Simply shortening the output, for instance, would not solve the problem, as quantitatively minor changes in the intake of several food items might sum up to considerable effects that should not be neglected. Thus, translating the output of the optimization calculations into useful feedback to consumers requires either the development and evaluation of specific algorithms for identifying the messages to be passed on or a modification in the optimization procedure itself, such that the intake of only a limited number of food items would be affected and immediately usable information for feedback would be generated.
The complexity of the actual output might be reduced by reducing the number of nutrients in the model. In the model used, 30 nutrients and energy were included and treated as equally important. In future developments of the model, the number of nutrients might be reduced based on evidence concerning the importance of the nutrients for the main nutritional problems of adolescents or weights might be included in the model to reflect the importance of the different nutrients.
A second drawback of the actual output is that respondents deviating most from the recommendations do not get stepwise advice; the model tries to solve all the problems at the same time, which might not be realistic. A stepwise approach might be more motivating and feasible for the respondents.
Until now no feedback module was developed, as the mathematical model itself needs to be further developed; once a satisfactory model has been found in further experiments a feedback module will be developed.
Individual output in relation to general food-based dietary guidelines The purpose of the chosen optimization procedure is to determine an individual dietary pattern that meets a set of nutrient intake recommendations with as little deviation from an existing pattern as possible. Consequently, the optimized diet vastly depends on the given dietary pattern. Persons, for instance, indicating in the FFQ that they are vegetarian would not be advised to increase their meat intake to reach the recommended levels of iron intake. And other persons stating they do not drink anything else but soft drinks, might even be told to increase the corresponding intake for meeting the recommendations of water intake, provided that other recommendations (for example, regarding sugar intake) are not violated. These examples demonstrate the conflict between the assumed acceptability of dietary advice on an individual basis and the accordance of dietary advice with general recommendations given on a population basis. The approach chosen here gives more attention to acceptability and would tolerate deviations from general food-based recommendations, as long as nutrient intake recommendations are met.
Such recommendations, however, conflict with other messages adolescents get in the school context, through the media or other channels. This can lead to confusion or, even worse, to doubts about the credibility of the individual advice or the general nutrition recommendations.
Conclusion
Using the optimization approach is a step forward in nutrition tailoring interventions, but the model used in the present feasibility study still needs to be refined.
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